Food security and human development are intricately linked and no meaningful progress can be sustained without an affiliated progress on the other. Fighting food insecurity therefore requires an increase in the level of human capital. However, food insecurity and low level of human capital development are major challenges among the rural mili eu in Nigeria. The effect of human capital on food insecurity status among rural households in Nigeria was therefore investigated in this study. Principal Component Analysis was used to generate human capital index which comprised age, age squared, education, number of inactive days and body mass index of the household head. Household heads that had medium level of human capital were food secure. Human capital index, household size, being a male -headed household, membership of association, land ownership and access to extension significantly reduced food insecurity. Although human capital index had a negative effect on food insecurity, there was no bicausality between them.
INTRODUCTION
Food is the most basic need of man and it provides nutrients, which are indispensable for the maintenance of good health, improvement of wellbeing, and labour productivity (Ogundari, 2017) . Africa remains the region with the highest proportion of undernourished people in the population, at 29 percent, compared with a 17 percent average for developing countries (United Nations, 2009). In addition to chronic hunger and malnutrition, parts of the continent have been hit by sudden crises that create bouts of acute hunger (Wiggins and Keats, 2009 ). Food insecurity in sub-Saharan Africa is characterized by widespread and chronic hunger and malnutrition as well as recurrent and acute food crises. Sub-Saharan Africa is the most vulnerable region to food insecurity and Nigeria is one of the food deficit countries in sub Saharan Africa (F.A.O, 2015) . However, ensuring food security in developing countries is a global goal (Offiong et al., 2016) .
Food insecurity has been on the increase in most rural areas in Nigeria (Oni et al., 2011) and over 70 percent of the food insecure population in Africa lives in rural areas (Mwaniki, 2005) . Recent volatility in international food prices, combined with balance of payment difficulties in some food deficit countries, resulted in several countries needing to secure additional food supply through food aid (Pedro et al. 2011). Food insecurity is measured as a household-level concept that refers to uncertain, insufficient, or unacceptable availability, access or utilization of food (Habicht et al., 2004) . The African continent is the only region of the developing world to continue experiencing difficulties after the green revolution of the 1970s and 1980s (Sanchez and Sachs, 2004) . Since the 1970s, food production per capita on the continent has been declining by about 20% (Ouedraogo, 2005) . To reverse the decline of the agricultural sector on the continent, the assembly of heads of state and Government of the African Union ratified the declaration on agriculture and food security in Maputo in July 2003 (Conceição et al., 2011) .
Human capital has been identified as a means of increasing productivity and agricultural income thereby reducing food insecurity (Schultz, 1961) . It has been argued that food security and human development are intricately linked, and that meaningful progress on one cannot be sustained without concomitant progress on the other (Conceição et al., 2011) . Human capital is built on four pillars viz: education, health and wellness, nutrition and skills (work force and employment) (Fafchamps and Quisumbing, 1999). Low or lack of education reduces opportunities available to households to undertake high income paid jobs. It restricts households to low income jobs (menial jobs) and this makes the household unable to acquire resources to purchase food for consumption thereby increasing the level of food insecurity among the households. Poor health result from lack of health facilities which are a constant feature of most rural areas in Nigeria. Possession of skill increases the opportunity available to household members as it increases their ability to engage in multiple jobs to acquire more income to feed their household members. Hence lack of skill makes people in the households unqualified for certain jobs which invariably reduce income available to the household members' thereby increasing food insecurity among the households. The problem of food insecurity especially during the hungry period among rural households in Nigeria is long standing (Obamiro et al., 2005) . Thus, since about half of Nigeria's living in rural areas (World Bank 2018) , an examination of the factors associated with food insecurity status of rural households in Nigeria is pertinent if progress is to be made towards achieving the second Sustainable Development Goal of zero hunger.
A lot of work has been done on rural household food insecurity in rural Nigeria (Ajani, 2010; Ayantoye et al., 2011; Adepoju and Adejare, 2013; Agbola, 2014; Ogundari, 2017), however there is a paucity of information on its relationship with human capital. This study adds to existing literature by investigating the bicausal effect of human capital on food insecurity status of rural households in Nigeria. Achieving food security is a core Sustainable Development Goal (SDG) and achieving improved level of human capital is also a component of the SDG. This study investigated how human capital affects food security status of rural households.
DATA AND METHODS
The study made use of the general household survey 2015 data set carried out by the National Bureau of statistics. The information used for this study are the socioeconomic characteristics such as age (years), gender, education (years of formal education), household size, marital status, occupation, per capita income, access to extension, access to credit, farm size, land ownership, geo political zones, membership of association. The study made use of a two-stage sampling design for the survey. In the first stage, Enumeration Areas (EAs) were selected based on probability proportional to size (PPAs) in each state and Federal Capital Territory and total household in those EAs. The second stage involved a selection of households.
The food security status was measured using dietary diversity score into low and high diversity which afterwards was profiled across household socio-economic characteristics. The various food consumed by the households were grouped into twelve categories. The twelve food groups included in the HDDS were: (1) Cereals (maize, rice, millet and sorghum); (2) Roots and Tubers (yam, cassava, cocoyam and sweet potato); (3) Fruits (orange, pawpaw, banana, mangoes, watermelon, apples, avocado and pineapples); (4) Vegetables (Amaranths, onions, tomatoes and okra); (5) Meat and Poultry (chicken, beef, goat or sheep and bush meat, duck); (6) Eggs; (7) Fish (fresh fish, smoked fish, frozen fish, dried fish); (8) Pulses, Legumes and Nuts (cowpea, groundnut, cashew nut); (9) Milk and Milk products (fresh milk, cheese, milk powder, tinned milk); (10) Oil (groundnut oil, red palm oil, coconut oil, butter/margarine, sheabutter, animal fat); (11) Sugar (jam. honey); (12) Condiments (pepper, salt and spices) (FAO, 2007) . These food groups were used to identify food intake quality of the households. Households that consumed a given category of food were given a value of 1 and 0 in the food categories that they do not consume.
The data used for this study comprised variety of foods and drinks from twelve food groups consumed by the households as a whole during the previous 24 hours. Every food item in the meals was coded. Dietary diversity was measured by summing the number of foods or food groups consumed over a reference period. The HDDS which ranged between 0-12 was used to measure household's dietary diversity and also ranked accordingly into high dietary diversity or food secure (6-12 = 1) and low dietary diversity or food insecure (< 6 = 0) (FAO, 2008) .
Instrumental Variable (IV) probit model was used to assess bicausality between human capital and food insecurity status among households in rural Nigeria. The IV probit is specified as in Eq. 1.
Where: Y is dependent binary variable (food insecurity status = 1 and 0, otherwise); is KX1 vector; X is nXK matrix of covariates; is Error term. Probit model can be biased because of endogeneity. In essence the correlation between the regressor and the error term is not zero (E(X, U) ≠0), so the result of the estimation is inconsistent. So as to overcome this, instrumental variables were applied. Therefore, the model was written in it reduced form (Eq. 2, Eq. 3).
Where:
1 * denotes the dependent variable for the ith observation ( it answers the question if the household is food insecure or not); denotes a vector of endogenous variable; Xi exogenous variable which comprises; X1 Human capital index; X2 Household size; X3 Membership of association (yes = 1, 0 if otherwise); X4 Farm size (Acres); X5 Gender (male = 1, 0 if otherwise); X6 Marital status (married = 1, 0 if otherwise); X7 Per capita income (₦); X8 Occupation (Agriculture = 1, 0 if otherwise); X9 Access to credit (yes = 1, 0 if otherwise); X10 Access to extension (Yes 1, 0 if otherwise); X11 Land ownership; X12 North Central; X13 North East; X14 North West; X15 South East; X16 South South; X17 South West (Base).
RESULTS AND DISCUSSION

Food insecurity profile across household's socioeconomic characteristics
Food insecurity which is our dependent variable was determined using Dietary Diversity Score (DDS). Agada and Igbokwe (2015) defined dietary diversity as the number of different foods or food groups consumed by the household over a reference period not regarding the frequency of consumption. It is an outcome measure of food security at the individual or household level. In the present study dietary diversity refers to the number of food groups consumed at household level over a 24-hour period. About 83.02 percent of the respondents had low dietary diversity, while 16.98 percent had high DDS (food secure) (Table 1) . This implies that majority of the respondents were food insecure (low DDS).
Households with elderly heads (> 75 years) had the highest proportion of households with low (2.45 percent) and high (2.87percent) DDS groups while those between 31 -45 years were the highest in both groups (37.77and 35.41 percent, respectively) ( Table 1 ). This implies that household heads between 31 -45 years age group had the highest dietary diversity and were more likely to have more than six (6) combinations of food categories compared to others. The highest proportion of food insecure (84.44 percent) and food secure (87.56 percent) households were the male-headed. However, a higher percentage of both male and female-headed households were food insecure (low DDS).
Further, in the low dietary diversity category, 74.46 percent and 25.54 percent of the married and unmarried households respectively had low diversity, while 74.16 percent of the married household heads had high diversity and 25.84 percent of the unmarried household heads also had high diversity. This implied that the unmarried household heads had low diversity compared to the married household heads. This is consistent with the findings of Obayelu and Awoyemi (2010); Grobler (2015) that households with unmarried heads were less food insecure than their married counterparts. The least proportion (17.51 percent) of households with low DDS were large (>10 members) while those with 7 to 10 members had the highest proportion (37.57 percent). Conversely, the least (17.22 percent) proportion food secure (high DDS) had less than four members while those with 7 to 10 members had the highest (43.06 percent). This suggested that household that had 7 to 10 members were likely to be more diverse in their food category compared to other household sizes. A larger proportion of the household heads in both low and high DDS categories had no formal education.
A larger percentage of the rural household heads were primarily farmers representing 86.79 percent and 89.47 percent of food insecure and food secure household, respectively (Table 2 ). This invariably revealed food security paradox in rural Nigeria. Although most rural households were agrarian, they were food insecure. A majority (88.95 percent) of the rural households had no access to extension services representing 89.14 percent and 88.04 percent of households in both low and high DDS, respectively. Similarly, a majority (81.88 percent) of the rural households had no access to credit representing 83.86 percent and 72. 52 percent of households in both low and high DDS, respectively. This indicated that most of the rural households had no access to productive assets like extension services and credit which is responsible for low level of investment and output and consequently low economic access to diverse food items. About three-quarters of household with low DDS owned land while 78.95 percent of those with high DDS were land owners ( Table 2 ); implying that those households that owned land were more likely to be slightly food secure than landless household heads that do not own any land. This may probably be due to the fact that they can produce different varieties of crops on their land and this in turn gave them access to an array of food crops they could grow and consume daily. Further, the majority (93.01 percent) of households were smallholder farmers representing 93.93 percent and 88.52 percent of households with low and high DDS, respectively. A larger percentage of the rural households were living in chronic poverty (less than $1/day = < N80, 000/day). Consequently, smallholder agriculture characterised with small land holdings with no land property right, low per capita income, lack of access to credit and extension services explains high level of low dietary diversity scores in rural Nigeria. Further, the South-south geopolitical zone had the highest contribution to low dietary diversity (Table 3 ). This could be explained be low level of farming and fishing livelihood activities owing to oil spillage in the South-south. Low level of livelihood is expected to erode household welfare and dietary diversity. Although the incidence of low dietary diversity was higher than high dietary diversity in all the geopolitical zones, Northwest had the highest contribution to high dietary diversity. The Human Capital Index (HCI) was categorised into three groups. This comprised low (<0.33), medium (0.33<HCI<0.66) and high (>0.66) human capital categories. While 22.97 percent of the households that had low human capital, 39.23 percent of the households that had medium human capital and 37.80 of the household head that had high human capital had high dietary diversity. This implies that household heads that had medium level of human capital the high dietary diversity compared to household with other categories of human capital. Table 4 presented the results of Instrumental Variable (IV) probit regression analysis on the test of endogeneity between human capital and food insecurity among households in rural Nigeria. The positive sign of a coefficient implies that an increase in the value of an independent variable increases the probability of a household being food insecure (decreasing food security) given other factors. Conversely, a negative sign of the independent variable means that an increase in the value of an independent variable reduces the probability of the household being food insecure (increasing food security), given other factors.
Human capital index had a negative relationship with food insecurity. This index was constructed using the Principal Component Analysis (PCA). The analysis of the result showed that an increase in the level of human capital brought about a decrease in food insecurity. This implies that household heads with a level of human capital were less likely to be food insecure thereby increasing the probability of a household being food secure than household heads that lacked human capital. The marginal effect revealed that a unit increase in the level of human capital brought about a decrease in food insecurity by 1.03 units.
Gender of the household head had a negative relationship with food insecurity implying that maleheaded households were less likely to be food insecure than female-headed households. This may probably be because in most rural areas, males have more access to productive assets than their female counterparts. This will make food to be more available to the household and in essence reduce food insecurity. In addition, larger the household were less probable to being food insecure than those with fewer members. This is because among rural households, an increase in household size will lead to an increase in amount of labour available for farming activities. This will eventually lead to an increase in food production and thereby help in reducing food insecurity among the households. The probability of being food insecure will decrease by 0.09 unit with an additional family member in adult equivalent. This result is contrary to the findings of Frehiwot (2007) and Sekhampu (2017) that increase in household size exacerbates food insecurity. Access to extension also had a negative relationship with household food insecurity suggesting that household heads with extension contact were less likely to be food insecure than those without extension contact. Households whose heads belonged to one or more association were less likely to be food insecure than those without any association. This can be closely linked to the beneficial effects of their membership, in terms of production and other welfare enhancing services that were offered by the societies and organizations. It could also be that members of the households in cooperative were given the opportunity to take loans in order to manage their agricultural activities. In addition, land ownership had a negative relationship with household food insecurity indicating that household heads that owned one or more lands were less likely to be food insecure. This may probably be due to the fact that lands in the rural areas were majorly used for agricultural activities. This will avail the households to engage more in farming activities that involves food production. Finally, households residing in North Central, North East North West zone, and South South geopolitical zones had positive relationship with the household food insecurity status suggesting that households residing in these zones were more likely to be food insecure relative to those in South West. The northern regions are known for high prevalence of poverty (Obayelu and Awoye mi, 2010) are therefore susceptible to high level of food insecurity.
Weak instrument robust test for instrumental variable ((Riv test) probit regression.
The Riv test is a set of test carried out to test for the strength or weakness of the instrumental variables in IV probit regression. The Anderson Rubin (AR) statistics by (Anderson and Rubin, 1949) was used to test for the strength of the instrumental variables. The result showed that the null hypothesis was rejected at 5 percent indicating that the instrumental variable (religion) was not weak (Table 5 ). The Wald test is a summary of all the test statistics and the result showed that there was no bicausality between human capital and food insecurity. 
CONCLUSIONS
The food security profile showed that household heads that had medium level of human capital were more food secured. Household size, membership of association and access to extension significantly influence human capital. The result revealed that there was no endogeneity between human capital and food insecurity. The study also found out that human capital index which comprises age, age squared, education, number of inactive days and body mass index though not significant, had a negative relationship with food insecurity such that as human capital increases, food insecurity decreases. Based on the findings from the study that investment in human capital (health, education, nutrition and skills) helps in reducing food insecurity. Likewise access to credit and extension services give the rural people the opportunity of involving in activities that aids in building their human capital base thereby reducing food insecurity. It is therefore suggested that governments at all levels should intensify programmes on human capital development that will improve human capital base in rural Nigeria especially in the Northern zones where food insecurity were more endemic. Furthermore, market-based intervention policies such as access to credit facilities, that facilitate households' livelihood activities and access at all times to healthy foods of their choice, should be given priority. This will give the household opportunity to benefit from greater varieties of food items offered by the market. Government should provide comprehensive extension training programmes that will increase productivity of the rural households and hence reduce food insecurity among the households.
